In recent years, especially in the service robotics and assistance robotics domains, very complex systems have emerged. Due to improved sensor technology, faster and more energy-efficient control computers, new methods of perception, powerful methods of localization and mapping, as well as cognitive system concepts, major progress could be achieved. Another aspect that supports the development of advanced robotic systems is the use of extensive open source robotic libraries. Frameworks such as the Robot Operating System (ROS) allow rapid realization of basic control systems. Furthermore, they have contributed to better reusability and integration of large collections of robotic methods in the community. Nevertheless, the increasing complexity of robotic systems is still a major challenge. Starting from a suitable embedded architecture via control software development supported by powerful frameworks to the control architecture, a suitable system design needs to be found. The goal is an efficient development process as well as many non-functional properties such as real-time guarantees, reliability, scalability, and security.
In order to address these topics, the editors of this special issue have organized two conference workshops. Due to the excellent contributions and the intensive discussion at the workshops, the organizers decided to collect relevant contributions of this important robotics topic. This special issue contains five articles from different German research groups working in this area.
The initial contribution by Max Reichardt et al. from the Robotics Research Lab in Kaiserslautern provides a general overview of the many design approaches and principles found in today's frameworks for robotics. They are related to important quality attributes of robotics software. In this context, Model-Driven Software Development and Domain-Specific Languages are topics that gain a lot of attention in current research activities. Christian Schlegel et al. from the Ulm University of Applied Sciences were among the first to adopt and advocate these topics in robotics. In their article, they present the approaches found in the SmartSoft framework and discuss best practices as well as future directions of research.
Suitable control architectures together with optimized framework support are fundamental research topics for modelling and programming robot behavior of everincreasing complexity. Nikolaus Vahrenkamp et al. from the Karlsruhe Institute of Technology show how they use and support the classic approach of finite state machines in the ArmarX framework. The application on the humanoid robot Armar-III indicates its suitability for complex systems in practice.
In the following article, Elizaveta Shpieva and Iman Awaad from Bonn-Rhein Sieg University discuss the benefits of switching from finite state machines to a symbolic planner for programming robust robot behavior. The ROSbased implementation of their architecture was successfully applied and evaluated at the RoboCup@home competition.
In the final contribution, Jan Frost et al. from the University of Luebeck present their research on highly reconfigurable software and hardware architectures based on Organic Computing principles. Systems can adapt to the environment by switching between different algorithm implementations at runtime and also distributing components between CPUs and FPGAs. This aspect highlights potential that lies in specialized hardware architectures and dedicated logic for robotics.
The contributions to this special issue show that up to now important results have been reached in the range of architectures, frameworks, and robotics systems. Nevertheless, we believe that major improvements can be achieved. Therefore, we hope that this special issue on "Robot Control Architectures" gives a nice overview of the state of the art and inspires research in this fascinating area. 
